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. LETTER OF TRANSMITTAL 

U.S. HOUsE OF bRFsENTATIVES,  . ‘ 
SUBCOMMITTES ON ENERGY CONSERVATION AND Porn ,  

COMMI-ITEE ON ENERGY m COMMERCE., 
Washington, OC, October 26,1986. 

Hon. JOHN D. DINCELL, 
. C h i m n ,  Committee on Energy and Commefie, Raybrun’ House 

DEAR MR. CHAIRMAN: I am forwarding to you, for the Commit- 
tee’s use, a report prepared b the staff of the Energy Conservation 

Three Decades of Radiation Experiments on US. Citizens.” This 
report describes material contained in Department of Energy docu- 
ments on radiation experiments usin human subjects. 

use of human subjects as guinea pigs for radiation expenments.. 
Some of these experiments were conducted in the 1940’s and 1950’6, 

. and others were performed during the supposedl more pnlighk 

ments’ durin whkh about 695 persone were exposed to radiation 
which provifed little or no medical benefit to the subjects. The 
report notes that it seems appropriate to urge the Department of 
Energy to make every practicable #fort to identify the pereons who 
served as experimental subjects, to examine the long-term h.istones 
of subjects for an increased incidence of radiation-associated dis- 

Offie  Building, Washington, DI: 

and Power Subcommittee tit r ed, “American Nuclear Guinea Pigs: 

A review of these documents reve& the frequent and sysfematic ‘ 

e n d  1960’s and 1970’s. The report desmibes in d etail 31 expen- 
\ ’  

m e s ,  -md to compensate these unfortunate victims for damages. 
. This report is the result of 80 ongo’ Subcommittee examha- 

The previous Subcommittee Chairman, Mr. Ottinger; requese  
from the Department documentation on experiments involnng 
human test subjects and radiation, which were funded by DOE or 
its predecessor agencies. During the 99th Congress, the Subcommitr 
tee initiated an intensive review of the documents, and requested 
further information on specified experiments. This report is the 
result of that  intensive review. 

mittee staff for discussion purposes and may noterepresent the 
views of all Committee members.’ I believe the Committee F d  
others wi l l  find this report to bi! extremely useful in euynim~g 
issues of radiation health and safety and vidims’ compensation. 

tion of the health and safety policies of 3 e Depwtment of Energy. 

I t  should be noted that this report was prepared by the Subcom- . .  

Sincerely, 
EDWARD J. MARKEY, Chairnauk 
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AMERICAN NUCLEAR GUINI~A PIGS: THREE DECADES OF 
RADIATION EXPERIMENTS ON US. CITIZENS 

. .  . 

SUMMARY AND CONCLUSIONS 
Documents provided by the Department of Energy reveal the fre- 

quen’t and systematic use of human subjects 8s guinea pigs for radi- 
ation experiments. Some experiments were conducted in the 1940s . 
at the dawn of the nuclear hge, and might be attributed to an igno- 
rance of the long term effects of radiation exposure, or to the 
atomic hubris that accompanied the making of the fkst nuclear 
bombs. But other experiments were conducted during the supposed- 
ly more enlightened 1960s and 1970s. In either event; such experi- 
ments cannot be excused. 

These experiments were conducted under the sponsorship of the 
Manhattan Project, the Atomic Energy Commission, or the Energy 
Research and Development Administration, all predecessor agen- 

, cies of the Department of Energy..These experiments spanned 
roughly thirty years. This report presents the fmdings of the Sub- 
committee staff on this pr0ject.l ‘ 

to radiation in ex- 
perbents  which provided little or no nefit to the s u b  
jects. The chief objectives of these experiments were to dkectly 

~ measure the biological effects of radioactive material; to measure 
doses from injected, ingested, or inhaled radioactive substances; or 
to measure the time it took radioactive substances to pass through 
the human body, American citizens thus became nuclear calibra- 
tion devices. 

In many cases, subjects willingly partici ated h experiments, 

human subjects were captive audiences or populations that experi- 
menters might frighteningly have considered. “expendable”: the el- 
derly, prisoners, hospital patients suffering from terminel diseases 
or who might not have retained their full faculties for informed 
consent. For some human subjects, informed consent was not o b  
tained or there is no evidence that informed consent w8s granted. 
For a number of these same subjects, the government covered up 
the nature of the experiments and deceived .the families of de- 
ceased victims as to what had transpired. In many ex riments, 

recognized limits for occu d O M 1  radiation exposure. Doses were 
as great as 98 times the gody burden recognized at the time the 
experiments were conducted. 

- 
Literally hundreds of individuals were 

but they became willing guinea pigs nonethe P ess. In some cases, the 

subjects received doses that approached or even exceed e8e presently 

I 

’ This repon d o a  not n-*y reflect the vicnr or the Members of the Committee. 
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These experiments thus represent a perversion of the Centers 
original purpose, since feeding the subjects radium and thorium*did 
not benefit them as individuals or the 
whole. (Category 1.002, Number 118). 

During the 196Os, at the Los p;lamos 
normal adults were fed microxopic spheres containing radioactive 
uranium and manganese. These experiments were designed to de- 
termine how fast such spheres would pass through the human body 
after ingestion. It was be1ieved:that particles of this size could be 
produced by the atmospheric reentry and burnup of rockets pro- 

L 

gory 1.003, Number 106). 
During 1946 and 1947, at the University of Rochester, six pa- 

tients m t h  good kidney funct io~ were injected with uranium salts 
to determine the concentration which would roduce renal injury. 
One patient was diagnosed as being in a “hallucinatory state, 1 an- 
other was considered suffering from “emotional maladjustment,” 
and a third, admitted to the hospital for a fifth time, was described’ 
as follows: *‘As he had no home, he agreed willin ly to enter the 
metabolic unit for special studies.“ (Category 1.005, Number 119). 

ma@ at the Washington State Prison received x-rays to their 
testes to examine the effects of ionizing radiation on human fertili- 

and testicular function. These experiments were conducted by x t e Pacific Northwest Research Foundation and the University of 
Washington. Subjeds had to agree to receive vasedomies after 
completion of .the experiments. The Energy w e a r c h  and Develop 

From 1963 to 1971, 67 inmates a t  Oregon State Prison and 64 in- 

L 

1 

.. . . .  

. . . .  . . . . . .  . . .  ... . . .  . . . . . . . .  . ,  . . . . . .  . . .  . . . . .  . *  

. .  
, I. . 

. .  

2 

A later section of this report, Description of Human Radiation 
-Experiments, provides details on 31 experiments, during which 
about 695 persons were exposed. Experiments are listed by Catego- 
ry and Number as designated by the Depemen t  of Energy. Some 
of the more repugnant or bizarre of these experiments are summa- 
rized below. 

During 1945 to 1947, as part of the Manhattan Project, 18 pa- 
tients who were y o s e d  as having diseases which gave them ex- 

-petted survivals of ess than 10 years were in’ected with plutoni- 

experiments were carried out at the Manhattan.District Hospital 
at Oak Ridge, Tennessee; Strong Memorial Hos ital in Rqhester, 
New York; the University of Chicago; and the niversity of Cali- 
fornia, San Francisco. Despite the original diagnoses, seven of these 
patients Lived longer than.10 yeats, and five lived longer than 20 
years. Internal investigations by the. Atomic Energy Commission 
found that informed consent was not granted in the initial experi- 
ments, since even the word “plutonium” was classified during 
World War LI; and living patients were not informed that they had 
been injected with plutonium until 1974. (Category 1.001, Number 
1). 

From 1961 to 1965 at the Massachusetts w i t u t e  of Technology, 
20 subjects, aged 63 to 83, were injected .or fed radium or. thorium 
to estimate internal doses and to measure Dassafze of these 8ub- 

um, to measure the quantity retained by the h uman body. These 
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ment Administration planned to begin medical follow up of the ir- 
radiated prisoners, but these plans were,dropped in 1976 at the re- 
quest of the U.S. Attorney in Portland after several irradiated in- 
mates filed suits against state and federal governments. (Category 
2.001, Number 2 and Category 2.002, Number 189). 

approximatel 12 terminal brain tumor atients were injected with 
uranium to dYetermine the dcse iit whicg kidney damage began to 
occur. Most of the patients were described as comatose or in a 
.“semicoma.” (Category 9.001, Number 166). 

From 1963 to 1965, a t  the Atomic Energy Commission National 
Reactor Testing Station in Idaho, radioactme iodine was purposely 
released on seven separate occasions. In one of these experiments, 
seven human subjects drank milk from cows which had grazed on 
iodine-contaminated land. This experiment was designed to meas- 
ure the passage of iodine through the food chain into3he thyroids 
of the human subjects. In a second experiment, three human sub- 
jects were placed on the pasture during iodine release, and seven 
subjects were,placed on the pasture in a third experiment. In addi- 
tion, “several individuals were contaminated during yet another 
experiment when vials of radioactive iodine accidentally broke. 
Cows azed on contaminated land and their milk was counted in 
four o r the experiments; in the ~ m a i n i n g  t h ,  radiation measure- 
ments were made Q ~ Y  ctn the pasture. (Category 10.001, Number 
173). 

During May 1945, at the .Clinton Laborat&, Oak Rdge, Tern- 
-, two groups of 10 subjects were exposed to beta rays, to deter- 
mine the dose that would begin to c a q e  reddening of the skin. 
(Category 11.001, Number 51). 

During 1951 and 1952, at least 14 human subjects were e 
to tritium in air, by immersion of bod parts in water, or by 
ing. These experiments were design e 2  to measure the retention or 
excretion of tritium by the human body. The experiments were car- 
ried out by the LQS Alamos Scientiflc Laboratory, or the General 
Electric Company in Richland, Washington. (Category 11.001, Num- 
bers 112, 123,.125, 126, 127). 

During 1956, the US. Air Force sent manned planes through ra- 
diation clouds from atomic bomb tests a t  Eniwetok and Bikini 
Atolls in the Pacific to measure radiation doses in the clouds and 
to the crew. (Cate ory 11.001, Number 133). 

During the earfy 1950s. Foster D. Snell, a consulting firm, w- 
ried out experiments for the U.S. Army by placinE “synthetic” r?- 
dioadive soil on the hands of about 118 human su jects, and meas- 
uring the ability of different cleaning agents to remove the con- 
tamination. (Category 11.001, Number 134). 

From 1961 to 1963, at the University of Chicago and Argonne 
National Laboratory, 102 human subjects were ’fed real fallout 
from the Nevada Test Site; simulated fallout particles that con- 
tairied strontium, barium, or cesium; or solutions.of.strontium and 
cesium. This experiment was designed to measure human absorp- 
tion and retention of these radioactive substances. (Category 11.001, 
Number 186, Part A). . 

During the early 1960s, at the’ Oak’Ridge Institute. for Nuclear 
Studies, 64 hospital ’patients with normal intestinal tracts were-fed 

From 1953 to 1957, at Massachusetts General Hospital, Boston, . 
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lanthanum-140: This experiment was designed to measure the rate 
at which this radioactive substance passed through the body. (Cate- 
gory 11.001. Number 186, Part B). 

During the late 195Os, at Columbia’ University and Monkfiore 
Hospital, the Bronx, 12 terminal Cancer patients were injected with 
radioactive calcium and strontium. This experiment was designed 
to compare the distribution of these two substances among body tis- 
sues after auto y. (Catego 12.001, Number 15). 

the Battelle Memorial Institute, both at Richland, Washington, ra- 
dioactive promethium was administered.to 13 subjects by injection 
or drinking. These experiments were designed to measure the as- 
sage of this substance through the body “d the ability of a ckmg 
(chelating agent) to increase the removal of promethium. (Category 
12.001, Number 110). 

During 1963, at the Battelle Memorial Institute, Richland, Wash- 
ington, five subjects were *injected with radioactive phosphorus. In 
addition, five subjects were fed fish from the Columbia River which 
contained radioactive phosphorus, produced and discharged into 
the river by reactors at the Atomic Energy Commission’s Hanford 
Site. These experiments were designed to estimate the doses to 
humans eating contaminated fish. (Category 12.001, Number 111). 

In many of the reported experiments, radiation was used as 
treatment for diseases which were resistant to more conventional 
methods. Most frequently, radiation was used in attempts to treat 
cancer, leukemia, or other malignant disorders of the blood. The 

~ Subcommittee staff does not question these applications, since pa- 
tients were irradiated in an attempt tb treat their diseases, and in 
some cases the treatment was successful. 3n these case, the radi- 
ation exposure was meant to carry some medical benefit for pa- 

‘ tients, and observation of the effects of exposure, which enhanced 
understanding of radiation effects, was incidental 
In wme cases, however, long term medical 
ing patients, which might have provided 
comparison with other treatments that might seem promising, was 
not conducted. 

amply demon- 
strate the need for long term medical follow up.%tegory 10.001. 
Number 69, describes a retrospective study on the health of 
humans exposed to radioactive iodine, and includes as a study pop 
dation the group of Marshallese Islanders ex osed to fallout from 
earl atomic bomb tests. This report notes &at thyroid nodules, * 

among inhabitants of the atoll with the highest fallout until 9 
years after the.testing. Nodules began appearing some years later 
among inhabitants of atolls where the doses were lower; and after 
22 years, noddes were still being observed. 

If there is one thin the government can do for these experimen- 
tal victims and their f ;  amilies, even a t  this late date, i t  is to conduct 
long term medical follow up of populations exposed to radioactive 
material. That practice has been adopted b the Defense Depart- 
ment through its Nuclear Test Personnel R eview, a registry for 
milita? personnel exposed to fallout from atmospheric nuclear 
tests. he primary objectives of the Review are to identify the a p  

In 1967 a t  tffe Hanford % nvironmental Health Foundation and 

. 

The studies provided by the Department of Ener 

pr  O J  uced by exposure to radioactive iodine, did not fitst appear 
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proximately 200,000 Defense Department personnel involved in 
such tests, to determine their exposures, to identify incidences of 
death or illness, and to assist veterans in claims for compensation. 
If this effort can be carried out for military personnel acting in the 
line of duty, surely a similar effort.should be possible for the far 
smaller number of peeiceful atomic soldiers used as human subjects 
in radiation experiments.. 

RECOMMENDATIONS 
1. It seem appropriate to urge the Department of Energy to 

make every practicable effort to identify the persons who served as 
subjects for the experiments descn'bed below, to examine the long 
term histories of subjects for an increased incidence of radiation- 
associated diseases, and to compensate these human guinea pigs for 
damages they have suffered. . 

These victims face severe obstacles to compensation under cur- 
rent law, embodied by the Federal Tort Claims Act. The Depart- 
ment of Energy should therefore be encouraged to work with the 
Subcommittee to develop legislation that provides adequate com: 
pensation. 

2. Human experiments of this nature must never be repeated. 
Many of these experiments would not be allowed w d e r  current 
federal guidelines, and it is gratifying that experiments of this 
nature apparently did not continue after the early 1970s. 
Two ovemding principles for human experimentation must be 

followed: The fvst is that the risks of the experimental treatment 
must be reasonable in relation to anticipated benefits. The second 
is that subjects must be fully informed, and capable of understand- 
ing the benefits and risks of the treatment. Current federal regula- 
tions embody these principles, with exceptions that are clearly 
spelled out in cases where knowledge from the treatment might 
benefit society as a whole. The Appendix to this report describes 
these federal regulations. 

"he Subcommittee is g r a t i f d  that the Department of Ene 
follows current regulations in its own experiments. However, t e 
sarl history of human radiation experimentation makes it clear 
that standards that were acceptable forty years ago appear re ug- 
nant toda . It therefore seems appropriate to urge that all appEca- 

ly review their regulations to ensure that human experimentation 
is conducted under the highest ethical standards. 

BACKGROUND 
The investigation into human radiation experiments began as 

part of an ongoing Subcommittee examination of the health and 
safety policies of the Department of Energy. In June 1984, Repre- 

* sentative Richard Ottinger, then Subcommittee Chairman, request- 
ed from the Department a list of experiments involving human hit 
subjects and radiation, which were funded by the Atomic Energy 
.Commission, the Energy Research and Development Administra- 
tion, or the Department of Energy. The former two agencies were 
predecessors of the Department of Energy. DOE responded to this 
initial request in September 1984, enclosing summaries of many 
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:ed by such observations and commends those scientists and 
.ians who engaged in such research. 
mny of the cases where radiation was used for medical treat- . 
there was little long term medical follow up of the irradiated 
~ts. In part, this may.have been due to the fact that the bene- 
.' medical radiation were el-. irradiated patients in eome 
showed higher survival rates than patients treated with other 
&. But since radiation can also cause cancer, long term 
up on surviving patients may have provided information for 

fu l  comparison with other present treatments or with treat- 
; that  might seem promising in'the future. 
: follow up provisions of one particular experiment, designat- 
tegory 4.004, Number 179, should be noted with approval. The 
ive of this project is to determine the effectiveness of neutron 
irradiation BE compared to standard irradiation for the man- 

ent of certain malignant tumors. This project is funded by the 
mal  Cancer Institute and is carried out at the Fermi .National 
rator Laboratory, a facil ie owned by the Department of 
3- 
's project began in 1975 and is continuing &y. Approximate-' . 
IO patients have been referred to the program. Prior to trgatc 
, patients must agree to comply with long-term follow up re- 
ments, which include regular physical examinations and l a b  
y tests. Every effort is made to contact, patients who miss 
luled appointments, and fewer than 1 percent of patients 
ed at this facility are currently c o n s i d e d  lost to follow up. 
follow up effprts at this Fermilab project should be applauded, 
.hey represent a model that should be duplicated in other DOE 
;tigations of medical therapy. 
many of the other human experiments which DOE reported to 
Subcommittee, however, subjects received little or no medical 
fit from their exposure. These experiments fall into two gener- 
kegoris: In one group, human subjects were injected with or 
iadioactive materid, and its passage through the body was 
itored. The major objective of these experiments was to com- 
results with mathematical models predicting radiation doses 

xcupational or accidental exposure. Although these experi- 
ts did provide information on the retention and absbrption of 
)active material by the human'body, the experiments are none 
?ss repugnant because human subjects were essentially used as 
ea pigs ahd calibration devices. In a second group of erperi- 
ts, the administration of radioactive material was actually in- 
ed to cause damage to the human body, and the experirnen.krs 
h t  to correlate the amount of damage done with the dose re- 
.a. 
some of the experiments dekribed, the human subjects were 

ive populations: the elderly, prisoners, and hospital patients 

. In other experiments, the subjects were volunteers,. but they 
2 willing guinea pigs nonetheless. 
he human radiation experiments are described in detail in the 
)wing section. 
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DESCRIPTION OF H u m  RADIATION EXPERIMENTS 
Category and Number labels below are as designated by the De- 

partment of Energy in its responses to the Subcommittee. In many 
cases, occupational exposure limits are provided for comparison 
with the doses or amounts of radioactive .material received by sub- 
jects. Present dose limits are taken from Title 10, Code of Federal 
Regulations, Part 20. The maximum pennissible body burden is an 
occupational limit for'the allowable amqunt of a gven substance 
that may be internally deposited in an-mdividual. It is generally 
recognized among the scientific community that doses to the gener- 
al population should be no more than one tenth the allowable doses 
to radiation workers. Values presented below for maximum permis- 
sible body burdens are taken from NCRP-22, a handbook of the 
National Committee on Radiation Protection, which is a non-gov- 
ernmental organization that recommends standards for radiation 
exposure. 

In addition to the experiments described in the'summary and 
Conclusions of this report, many experiments are of special concern 
because of the circumstances of the persons used as subjects, or b e  
cause of the doses which some subjects received, relative to present 
occupational limits. In experiments where the radioactive material 
administered was greater than the present maximum permissible 
body burden, doses are classified as potentially greater than 
present occu tional limits, since not all of the material admink , 

cial concern are listed below, and are followed 
experiments: 

Category 1.001, Number 1. Subjects were diagnosed as terminal 
within 10 years; one subject was a child; no evidence of informed 
consent; potential doses much gieater than occupational limits. 

1.002, Number 118. Subjects were elderly; 
than occupational limits. 

1.003, Number 12. Subjects were 
doses greater than occupational limits. 

produced kidney damage. 

than occu ational limits. 

tered might I? ave remained in the body. 

1.003, Number 119. Subjects were hospital patieqts; some doses 

2.001, Number 2. Subjects were prisoners; doses were greater 

' 2.002, Ifumber 189. Subjects were prisoners; doses were. greater 

3.001, Number 49. Doses were greater than occupational limits 
9.001, Number 166. Subjects were terminal brain tumor patients 

10.001, Number 173. Radioactive iodine w v  intentionally re 

11.001, Number 51. Doses were greater than occupational limits : 
11.001, Number 53. Doses were greater than occupational limits I 
11.001, Number 121. Subjects were hospital. patients; doses wen ' 

greater than occupational h i t s .  I 

11.001, Nuqber 123. Potential doses were greater than occupa ; . 
tional limits. 
. 11.001, Number 127. Potential'doses were greater than occupa 
tional limits.. .' 

than occupational limits. I 

i ' 

, 
and most were'comatose; some doses, produced kidney damage. 

leased to the environment. I 

- .  .. 
. I  

\I- 

.'. :. . .  -.:. 

. .  

. . .. 

I 



e-- 

. ?  . e. .. 
. .  . .  . .  - .  

...,. : . . .  .. _.._..... .:. .. - -a . ._.I .. _-.,-. .. . * 7 . 

9 
11.001. Number 133. Doses were greater than occupational limits. 
11.001, Number 186, Part  B. Subjects were hospital patients; po- 

Category 12.001, Number 15. Subjects were terminal a c e r  pa- 

12.001, Number 109. Potential doses were greater than occupa- 

12.001, Number 128. Potential doses were greater than ~ u p a -  

tential doses were greater than occupational limits. 

tients; potential doses were greater thaq occupational limits. 

tional limits. 

tional limits. 
. 

Categov 1. Metabolism and Biological Effects of Plutonium, 
Polonium, Thorium, Umnium, Radium, and Lead-212 

. CATEGORY 1.001, NUMBER 1 

Plutonium injections into humans 
During 1945 to 1947, 18 patients were injected with plutonium. 

These experiments were carried out by the Manhattan Project. The 
following hospitals were involved in the experiments, with the 
number of patients involved for each indicated: 

Manhattan District Hospital, Oak Ridge, Tennessee (1). 
Strong Memorial Hospital, Rochester, New York (11). ' * 

Billings Hospital, University of Chicago (3). 
University Hospital, University of California, San Francisco' (3). 
According to an Energy Research and Development Administra- 

tion (ERDA) fact sheet of February 1976, &e rationale for this ex-. 
periment was that several thousand Manhattan Project workers 
had been involved in handling plutonium, accurate information 
was needed on the retention and excretion of internally deposited 
plutonium for setting safety criteria, and animal experiments had 
produced conflicting data which could not be extrapolated to 
humans. 

In choosing subjects, the original criteria specified that subjects 
should be older, with relatively short life expectancies. All subjects 
chosen were diagnosed as having existing diseases that gave them 
an expected survival of less than 10 years. Most were over 45,.but 
one subject was five years old, and another was 18. The oldest pa- 
tients were 68. The quantities of plutonium injected ranged from 
1.6 to 98 times the body burden value recognized at the time of the 
experiments, where a body burden is the permissible occupational 
limit for an internally deposited radioisotope. 13 of the patients r e  
ceived between 7 and 10 body burdens. Patients were .monitored for 
their excretion of plutonium. They received no medical benefits 
from the injections, 

In 1967, a Berkeley radiobiologist learned that one of the injected 
patients had lived for 20 years. She investigated the whereabouts of 
other patients, and in 1972 published a scientific paper noting that 
four patients were then alive. In a subsequent follow up investiga- 
tion, the Deparbment of Energy determined that 9 patients died 
within 3 years, one in 8 years, one each in 11 and 14 years, and 
four after 20 years. One was lost to follow'up, and one was still 
living as of October 1983. In one case, the original diagnosis of dis- 
ease later proved to be'inaccurate. , . 

. 

. .  

\ 

'. 

, f : 

- .  . .  

. '-4 

. .  
' qy'* . .  

. .  
..I 

! 



L 

. : . .  ., . . .  _ .  
. . .  . . . : .. . .  :... . .. . .  :..: :. . . . f * . I .  

10 

In 1974, following the report that four patients were still alive, 
the Atomic Energy Commission conducted internal investigations 
to detefmine if the experimental patients had granted informed 
consent for thek exposures.’ A report transmitted in August 1974 
found that experimenters had.failed to obtain informed consent in 
several instances. .Formalized standards for patient consent to ex- 
perimental procedures did not exist prior to 1946. In addition, even 
the word “plutonium” was classxed until the end of World War II. 
The AEC, which succeeded the Manhattan Project, established a 

. policy of formalized patient consent in 1947. One patient, injected 
in 1947, was the only subject injected aRer the AM= had been’ 
formed. This patient’s hospital record contained a statement by at- 
tending physicians that the individual had been properly informed 
of the experimental nature of the injection. The AEC could find no 
records of consent for any other patient, and determined from oral 
testimony that at least one patient had not been informed. 

On this issue, a June 1983 Department of.Energy memo conclud- 
ed that: 

The issue of informed mnsenf if raised, sill be difficult to deal with in the  light 
of present DOE and Federal policies and procedures regarding human subjects. 
These are vastly more codified and expliat than any guidance available at the time 
the iqjections were given, and the procedures used at that time would.not meet 
standids adopted and currently applied by DOE and other federal organizations. 
(Memo from Nathaniel F. Barr to Alvin W. Wvelpiece, Director, office of Energy 
Research, Department of Energy, June SO, 1983.) 

k 1973, the Center for Human Radiobiology (CHR), Argonne Na- 
t ional Laboratory, initiated a follow up study of surviving patients 
and a program to exhume deceased patients for whom permission 

much plutonium 

e m b e r  21, 1972 from [name deleted], Argonne National Laborab  
ry, to.[name deleted], Center for Human Radiobiology, contained 
the following instructions in regard to studies on the surviving pa- 
tients: 

Please note that outside of CHR we will tuwr use the word plufonium in regard 
to these casea. These individuals an of interest to us becaw they may have re- 
ceived a radioactive material nt some time’ L the kind of statement to be made. if 
we need to ray anything at all [emphask in original]. (Quoted in Division of Inspec. 
tion Report 4-4-2426. US. Atomic Energy Commission, August 16,1974, p. 19.1 

Consequently, patients alive in 1973 were not informed that they 
had been injected with plutonium in the 1940s. Relatives of de- 
ceased patients were told that exhumation was n- to deter- 
mine the composition of an “unknown” mixture of rqlected radioao 
tive isotopes. Injection was also repiesented as having been an ex- 
perimental treatment for the patients’ diseases, a statement that is 
not true. As a second AEC investigation concluded: 

Relative to the study undertaken L 1973. informed consent was not obtained from 
surviving patients who were the subject of the study. 
Consent, following improper disclosure. w ~ d  obtained from the next of kin pf an 

exhumed patient Improper disclosure was made to the next of kin of additional de- 
ceased tients who have not bqen exhumed. (Division of Ins&on Report 44-2- 
930, U r A t o r n i c  Energy Commission. August 12,1974. pp. 11.12) 
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As a result of the 1974 investigation, the AEC contacted the doc- 
tors of the four living patients, and asked the doctors to inform the 
patients of the nature of the Manhattan Project injections. One 
doctor did not tell his patient because he felt the information 
would be detrimental to her health; this patient has since died. The 
other three patients were informed. 

A scientific paper published in 1976 calculated doses’to the in- 
jected patients, and concluded from these calculations that in spite 
of the apparent lack of induced tumors among the patients 

high enough to be carcinogenic, but c o m e -  
son of the bonesurfam doses with radium doses that have induced bone tumors in- 
dicates that six of these cases have rraived daxs high enough to be considered car- 
+nogenic (RE- Rowland and P.W. l+bii, Survival, caws of death, and eaimated 
traue doses m a gmu of humambe with lutonium. in The Health Ef- 
fccts of Plutonium an8 Radium, J.W?-=Lake &ty, 1976.) 

. 

. 

. The liver doses do not appear to 

S O  

CATEGORY 1.002, NUMBER 118 

Adminktmtwn of nadium and thorium to hum& 
During the p&od 1961-1965, do& of the nuclides Radium-224, 

and Thorium-234 were given to 20 volunteeq, 13 men and 7 
women, aged 63 to 83.. Six subjects were injected with radium, six 
were injected with thorium, one ingested radium, one ingested tho- 
rium, and six ingested both radium +d thonum. These experi- 
ments were funded by the AEC and can+?d out at the Massachu- 
setts Institute 6f Technology. 

The experiments were designed to examhe the metabolism fiom 
radioactive substances that ht  be smiliar to those ingested by 

of whom subsequently developed cancer of the jaw or mouth. The 
specific matter of wncem’was whether Thonum-228, which may 
have been present in dial paints, would have contributed. a signifi- 
cant dose to painters. After the subjects were fed or injected with 
the radioactive substances, the substances were monitored by meas- 
urin their resence in b i d ,  in the breath, in excreted matter, 

tored for up to 120 days. 
Doses given to patients were 0.2 to 2.4 microcuries of radium, 0; 

1.2 to 120 microcuries of thorium. For comparison, maximum 
missible body burdens are 0.07 microcuries for Radium-224, an 20 
microcuries for Thorium-234. 

Most of the subjects were obtained‘ from the Age. Center of New 
England, Boston. A few were retired MIT employees. The subjects 
received no medical benefits from the experiment. 

According to material received from the Department of Energy, 
the Age Center of New England WEIS a non-profit research facgity 
established in 1954 to investigate the rocess of aging and the 

eral hundred “apparent1 healthy men m d  women” over the age 
of 50 who had declared t ieir  willingness to be studied in a variety 
of research projects on aging. These subjects lived elsewhere end 
had to be active enough to come to the Center to participate in re- 
search. 

In 1957, the first published annual report of thc.Agr: Center d e  
scribed the following ongoing reseach projects: “Correlates of .Anxi- 

radium dial painters in the ear Yl ‘er part of the 20th Century, many 

and % P  y who e-body counting of the subjects. Patients were moni- 

F” 

needs of the elderly. The Center’s pool o P subjects consisted of sev- 

, .  
. ,  
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ety Older Persons;” “The Nutrition of Apparently Normal Aging 
Persons;” “Prejudice and Older Pwple,”+and “A Thematic Analysis 
of Later Life,” which obtained the’ attitudes of elderly persom 

. . through questionnaires and oral  interviews. n e  AEC experimenk 
with Age Center subjects thus represent.a‘perversion of the Cen- 
ter’s original purpose: Feeding the subjects radium and thorium 
was of no direct benefit to the subjects or to the elderly population 
as a whole, and  was not related to phenomena connected to the 
aging process. 

The study was conducted in two phases. In the fmt phase, s u b  
jects were injected with either radium or thorium, and the passage 
of the material through the body was measured. The principal 
reason for these experiments was to calibrate counting equipment I 
that would be used in the second phase, which was the oral inges- 
tion of mixtures of radium and thorium. Excretion and whole bodj 
counting was also monitored for the phase two patients. These ex. 
periments were reported to the AEC in annual progress reports io i 

I 1964 through 1966. 
In a January 2, 1985 letter to the Subcommittee Chairman, the 1 

Department of Energy reported that no follow up had been con. 
ducted on the health’ of the experimental subjects. The Age Center 

“no idea how any records of survival history could be obtained.“ ! 
H e  stated that frnding the patients,’ifstill alive, may be “like doing j 
a missing persons sear&.” The youngest volunteer would be ap , 
proaching 85 years old today. I 

CATEGORY 1.003, NUMBER 12 42 

Pobnium Crdministemito iumoni . SI -r 

pital patients, and given orally to a fifth. 
measured. These studies were funded by 

no longer exists and’one professor who conducted the study ha2 1 , 
I 

8 

From 1943 to 1947, radioactive pdlonium was 

and the AEC, and were conducted at the University of Rochester , 
The objective of the experiment was to obtain data on human ex- 

cretion of polonium to obtain a correlation with more extensive 1 
data from rats. Hospital patients were used as subjects because the I 
experimenters wanted brsons who had not been exposed to poloni. ! 
urn through: work or accidents. 

The experiments were described in a scientific publication: Stud. 
ies of polonium metabolism in human subjects, Chapter 3 of Biolog- 
ical Studits .with Polonium, Radium, and Plutonium, National N u  , 
clear Energy Series, Volume VI-3, McGraw-Hi& New York, 1950 , All subjects had incurable diseases. Patient 1 was suffering fro= 1 

I lymph cancer, and vas injected with 22 microcuries of polonium 4 

Patient 2 had acute leukemia, was injected with 11 microcuries 
and died six days later. Patients 3 and 4 suffered from chronic leu. 1 
kemia, and were in’ected with 12 and 9 microcuries, respectively ! 
Patient 5 suffered rom chronic leukemia, and ingested 18 micro 
curies of polonium. Excretion of polonium was followed, and an au. 
topsy was conducted on the deceased patient to determine whick 
organs.al;sor!xd the polonium. The age of the patients ranged from 
early thirtiei to early forties. 
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The isotope administered is not specified, but the most readily 
available isotope at the time was Polonium-210. For comparison 
with the d w ,  the maximum permissible body burden for'Poloni- 
um-210 is 0.4 microcuries. 

In Janaury 1985, the Department of Energy transmitted to the 
Subcommittee summary factsheets on this, and many other experi- 
ments. The factsheet for this experiment reported no follow up on 
these experimental subjects. 

Absorption of had-21% by the humun gastrointestinal tmct 
Lead-212 was fed to three human subjects and gastrointestinal 

absorption and excretion over 24 hours were examined. Similar 
measurements were made on b o  human subjects injected with 
Lead-212, and the-  results for ingestion and injection were com- 
pared. These experiments were conducted to compare a.perimental 
results with existing models used by the International Commission 
on Radiological Protection QCRP) and the National Council on Ra- 
diation Protection (NCRP), organizations which recommend radi- 
ation exposure standards. These experiments were d e d  out at 
the University of Rochester, were funded by the AEC, and were re 
ported in UCRL-18140, Lawrence Radiation Laboratory, University 
of California, Berkeley, April 1968, pp. 217-232. The material from 
the Department of Energy on this experiment reported no informa- ' 
tion on doses, and no follow-up on the experimental subjects. 

Some biological aspects of n&oactive rn&spkA 'it; humans 
During the 196Os, 5'7 normal adults were fed veG small s 

containing radioactive Uranium-235 and Manganese-54, to deter- 
mine how long it would take these spheres to pass through the 
gastreintesinal tract. The human subjects received no medic@ ben- 
efit from this experiment. 

The experiment was designed to assess the potkntial hazards 
from atmospheric reentry and burnup of rockets pro lled by nu- 

produce particles small enough to be inhaled Qr ingested. In o+er 
to estimate internal radiation doses that humans might recelve 
from such accidents, information was needed on the time that ra- 
dioactive particles might remain in the body. The human subjects' 
were all workers at Los Alamos Scientific Laboratory, except for 
one individual who was the wife of the principal investigator. 

During the experiment, subjects were given a gelatin capsule 
containing U-235 and Mn-54, in spheres 100-200 microns in dime- 
ter (a micron is one-millionth of a meter). Both U-235 and Mn54 * 
emit .radiation which would penetrate the gelatin. The Mns4 
spheres were coated with ceramic, the U-235 spheres were uncoat- 
ed. Sub'ecfs each swallowed a capsule, and feces were collected and 
counte d to determine how long the capsules.remained in the M y .  
One subject repeated ingestion of the sample 10 different times to 
provide an estimate of variation within the same individual. "Sevi 

CATEGORY 1.003, NUMBER 21 
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clear reactors, or of radioactive power supplies. Such r- urnup could 
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! era! othen" repeat4 ingestion at different times of the day to p r e  
vide an estimate of how rrrultp might chan 
The experiment wa.a conducted at b e .  a l a m w  Laboratory* wa.~ 

funded by the Atomic Energy Commisaion, and wan reported in 
document W46i5, Loa Alamos Scientific Laboratory, Au rt 1966. 

with time or day. 

M e  factahkt which'thc Department of Energy suppli 3 the Sub 
. committee rpprted no folldw up on thew exprimental rubjeck 

CATWOKY 1.003, NUMBER 119 

fqj'cction of'umnium mlta . .  
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noses hud included heart disease, chronic alcoholism. and pneume 
nia; the present udmission was for on ulcer. "As he had n o  home, 
he [Patient 61 agreed willing! to enter the metabolic unit for spe- 

microgram of' uranium per kilogram weight, and clinical analysis 
su ested *that  "tolerunce. hod been reached" for kidney injury. 

The summary factshwt which-lhe Department of Energy submit- 
ted to the  subcommittee reports no follow up on the ex rimental 

not established until I!Ui. 

.d 
cia1 studies.".(UR-37, p. 411 d atient 6 received the lavest dose. SO 

t ~ K : j 7 .  p. . '% 

subjects. Funding for the ex riment is not.rpecified, ge ut it pre- 
rumably would be from the A r nnhsttan Project. since the AM= wan 

. 
' 

~ h t q p ~  2. Tcstirular Jrmcliation 

CATEGORY 2.001, NUMBER 2 

55 Tcsticwlrrr irmdicrtion of inninks of h g o n  Sfute Prison 
From &ust I !W to May l!!il, f7 volunteers at the 0 on 

State Prison *ere sub'ected to tetiticular irradiation by.x-rays % - 
diation doses ranged 1' rom 8 to 600 men en  in ringle acute e x p  

' These experiments wet+ carried out by the Pacific I? orthwwt Rc- 

3 s u m ,  except that six prisonera were irra iated a m r i d  time, one . 
a third time, and one wns iven weekly irradiations of 5 roentgen 
per week for eleven weeks. &.or comparison, the present occupation- 
al limit for exposure to reproductive organa i a  5 men en ;rr year. 

. . bearch Foundation, Seattleithe Atomic Energy CommIseion provid- 
ed a total of $1.08 million for these studies. 

The objective of this experiment was to obtain data on the  eff- 
of ionizing radiation on human fertility and  the  function of testicu- 

readily extrapolated to humanr. Studies .included examination of' 
testicular tissue, sperm counts, and evaluation of urinary. or blood . 

Prisoners rnnged in age from 25 to 52. Each i n m a k  agreed to 
have a v m t o m y  at the end of his irradiation; consent of wives . 
was required for this procedure. All rieonera in the Oregon gmup 

sign statements of informed consent. Consent ' d u r n  involved 

ibility of testicular cancer. No CnthoIica were allowed M a u b  E. Small sums of money were paid to pribonerq: $5 to $10 for . 
each tteatment, and  $100 at the time of vabectomy. However, ae ; 
cording to .the Energy Research and Development Administration 
'*records s u a e s t  that  the prime incentive to participate may have . been the feeling tha t  they wen $akin Important contn'butipru e- .  
the  state of medical know1 

i on tltate'prisons, March 1976, p. 2) 
%e primner irradiation pr6gram wan tlrminated in 1979 afbr  . 

the principal investigator auffered an Inca citating stroke, endeb+ 

a1 involvement in  ex rimental .programs," (C.G. Heller et d., 

. . . 
lar cells. It waa considered that data from animals could qot be .-s 

steroids and hormones. ' - R .  * 

did eventually have vasectomics. AI P v o l u n ~ m  were'rqquited to 

a n  explanation of short term and long term e I; eta, including the . 

. tER b A background information 
on AEC human testicular irre 9 iation projects in Oregon and Wash- 

cause of*"subwquent state resvaluation o p" correctional institubon- 

'.'Protection of t he  rig r ts of welfare of prison volunteem: Policiea 

. 
* 

* 
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followed throughout a 17-year medical research program,” unpub- , 
lished manuscript, p. 7) The same document noted that the vas& : 
mies on subjects after the experiment were necessfuy “to avoid any i 
passibility of contaminating the general population with irradia- f 

In a bummary factsheet pmvlded the Subcommittee in January 
1985, the Depaitrnent of Energy described the follow up of experi- 

f mental subjects. 
Complete recovery us shown by a return’to pnz-kdiared sperm concentrations 1 

and erminal cell numbers was found to be within 3 1 8  months for dases of 100 rad 
and Llow, 30 months for doses of 200 and 300. rad and 5 or more years for doses of f 
400 and 600 rad. 

The need for follow up over a longer term was recogmized as 
early as 1971, in a letter from an AEC offxial to Carl Heller, the 
principal kvestigator for the experiments. The letter concluded, 

Thus. I am suggesting that you prepare a protocol for the long-term follow-up of 
the irradiated volunteers after.their release from the research program. Prank T. 
Brooks, Division of Biology and Medicine, AEC, to Carl C. Heller, Pacific Northwest 
Research Foundation, November SO. 1971.1 . 
In its 1976 background information material, the Energy R e  

search and Development Administration noted: 
ERDA believe3 that then M a need for continued medical surveillance of prison- 

ers involved in both seta of experiments [Oregon and Washington), and will uplore 
with prison oficials the best methods to achieve this. Among health effects whicb 
&odd be monitored b the possibility of testicular tumors, occurring after a long 
latency period (25-30 yeanl. O A  background information, March 1976, pp. 2-3.: 

However, at the request of the US. Attorney in Portland, 
Oregon, this follow up program was cancelled after several irradi- 
ated inmates filed suits against state and federal 
September 1976, the District Court for.the District of w o n  dis 
missed the suit against federal defendants.. . 
The experiments resulted ’m the publication of bveral  scientific 

tion-induced mutants.” (mid., p. 5 )  * . .  

i 
1 

papers. m e  most recent one cited was MJ. Row! 
Research 59,665-678,1974. . \  I 

CATECORY 2.002, NUMBER 189- 

-~&ti&r irm+tion of inmates at Washington State B e o n  ,; 
~ During the period June 1963 to May 1970, 64 inmates at th~ 
Washington State Prison received testicular kradiation from 
‘rays. Each subject was irradiated once, and doses ranged from 7 
400 roentgen. Following irradiation, tissue samples and sperm 
examined for indications of damage; 
for hormone levels. The Atomic Energy 
$505,000 to support these studies,.which were 
sity of Washington researchers. . The objective of these studies was to determine the effects of n 
diation on gonadal function. ThC&udies were reportedly propose 
after a radiation accident at the AEC Hanford facility. Three me 
were overexposed, and no clear scientific data was available t 
advise them on. possible sterility effects. The experiments were dl 
signed to determine the minimum effective dose that would rend( 
an individual temporarily sterile. 

‘ .  .. .. 
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The criteria for selection were similar to the experiments with 
Oregon inmates: Participants had to agne to vasectomies after 
completion of the experiment. However, several of the Washington 
inmates subsequently did not receive vasectomies: 2 declined and 
were released from prison; 1 declined and remained in prison; 1 
was released beforemthe scheduled vBsectomy; 1 did not undergo 
surgery for psychiatric re8sons after mutual agrkement with the 
prison physician; 1 who had heart problems and a life sentknce was 
not vasectomized after mutual agreement (AEZ Contract AT(45-1b 
2225, Task Agreement 6, Terminal Report, January 1973, p? 3) Be- 
cause of the lack of follow up information, it is not known if any 
experimental subjects subsequently fathered any children. 

The experiments were terminated after a Human Subjects 
'review board at the University of Washington refused in July 1969 
to authorize further irradiation of risoners. (George W. Farwell, 
University of Washington, tn John f; Totter, Director, Division of 
Biology and Medicine, Atomic Energy Commission, July 16, 1969) 
In the factsheet submitted to the Subcommittee in January 1985, 

the Department of Energy had this description for follow up: '% 
covery of cell morphology and function were found after a maxi- 
mum of 501 days. It was concluded that man is very sensitive 'in 
regard to temporary sterility, but is very resistant to complete ste- 
rility." As with the Oregon prisoners, there w~ no long-term 
follow up of subjects 

Several scientific publications resulted from 'these experiments. 
The most recent cited was T.W. Thorslund and CA. Paulsen, in 
Proceedings of the National Symposium on Natural and ManlMade 
Radiation in Space, NASA Document NAS No.'Z440, pp. 224.232, 
January 1972. 

a legory  8. T&& Body I d i a t i o n  
~n most of the Cases in this category reported to the Subcommit- 

tee, whole body irradiation was used as treatment for diseases 
which were resistant to more conventional methods. Most frequent- 
ly, whole body irradiation was used in attempts to treat leukemia, , 

cancer, or polycythemia vera (a disorder characterized by excessive 
levels of red blood cells in the blood). The Subcommittee staff does 
not question the propriety of these particular applications, Since 
patients were irradiated in 811 attempt to treat their diseases, and 
in some cases the treatment was successful. However, one case cov- 
ered below appeared questionable. 

. 

.. 

- CATEGORY 3.001, NUMBER 49 

Blood changes in &unaan* beings following total-body irradiation ' -i 
' -* During 1943 and 1944, three groups of rsons were given whole 

sons with cancer. The second group consiskd of one cancer patlent 
and two persons with arthritic conditions. The third group was- 
three' normal volunteers. The objective of the study was to observe 
the changes in blood or blood cells following treatment.. Although 
whore body irradiation was a recognized treatment for malignan- 
cies, it provided no benefit to the normal subjects; who received 

* 

. - 
body irradiation doses from x-rays. The F irst group was eight per- 

i 
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doses which were greater than maximum allowable occupatior 
exposures at  the time. In addition, the treatment seemed of lit: 
use for arthritis, and the Department of E n e r a  reported 'in Ap . 
1986 that x-ray irradiation forearthritis "is not considered to I 

standard practice." The experiments were conducted, at  the Univc 
sity of Chicago and were funded by the Manhattan Project. 

The experiment'is described in 'a scientific publication, J.J. Nic 
erson, Blood changes in humans following total body irradiation, 
Industrial 'Medicine on the Plutonium Project, National Nucle 
Energy Series, Vol. TV-20, pp. 308-337, McGraw-Hill, 1951. Pa 
309 contains the following comment on clinical treatment: 

The people used in groups 1 and 2 were individuals to whom the medical prof 
sion could offer no treatment that WBS at all specific or known to be helpful. The 
ray exposures that were given were as likely to benefit the patient (u any otl 
known type OC trcatmenf or perhaps even more likely than any other. Since t 
manuscript h concerned only with the effects on the blood. the clinical condition 
the patientr k not discussed at any length. 

Group 1 consisted of 8 patients with cancer of the throat, mow 
breast., or larynx. These patients received total bodyadoses of 27, ( 
or 120 roentgen in single doses from x-rays. Group.2 consisted 
one patient with p n c e r  of the hand; one patient with chronic r 
thritis who had received no previous known radiation therapy, a: 
one patient with joint stiffness and pain who had received local i 1 
diation therapy to the knee. These patients received 500, 300, a. 
100 roentgen, respectively of total-body doses in multiple dos I 
from x-rays. The radiation produced no significant change in t 
arthritis of those two patients. Group 3 consisted of three you: 
male subjects who were normal in every known respect. These sc 1 
jects received 7 roentgen (r) on three successive days, for a total 1 
21 roentgen from x-rays to each of them. Patients .in gmups 1 a n i  I 

showed a decrease in the number of lymphocytes in the blood f, I 
lowing radiation treatment. Group 3 showed no change h blo 

. 
' 
! 
' 

' 
. 

I 

. 

elements. For Group 3, the experimenters ! 
These case wem of particular interest to w 

acute exposure to far more than the lliaxirnurn permissible' level of 0.1 r per wo 
ing day could not,& expected to produce diagnostic changes in ,the elemenu of 1 
peripheral blood which were studied. (bid., p. 336) 

The summary factsheet which the Department of Energy subm 
ted to the Subcommittee in January 1985 reported no follow up t 

these subjects. 

I 

i . 

I 
Categoty 4. Telethempy with Particle Beams 

These experiments consjst'of applications of cyclotron beams 
attempts to treat patients suffering from cancer or other maligna ' 

cies. The treatment was applied because conventional methods 
therapy had often been unsuccessful in arresting the spread of d 
ease. In some cases, the beam therapy proved more effective thr 
conventional methods. In other tests, this therapy offered no a 1 
vantages over existing methods and was discontinued. One item I 
ported to the Subcommittee did seem disturbing, because expe: , 
mental subjects .received no apparent medical benefits.. This itei 

i _ .  I 0 .  

I 

4 

s . . 
a I 

. 
in Category 4.006, is discussed below. , 
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CATEGORY 4.004, NUMBER 179 

~8 Neutron theram facility 
u 3 The follow up provisions of this experiment should be noted with 

approval. The objective of this activity is to determine the effective- 
ness of neutron beam irradiation as compared to standard irradia- 
tion for the management of certain malignant tumors. This project . * 

is out at the F e d  National Accelerator Laboratory, a fa- . cility owned by the hpa r tmen t  of Energy, and is funded by the . 
National Cancer Institute. 

The project began in 1975 and is continuing. Approximately 1400 
patients have been referred to the program. Prior to treatment, pa- 
tients must agree to .comply with long-term follow up requirements, 
which include regular physical examinations and laboratory tests. 
Every effort is made to contact patients who miss scheduled ap 
pointments, and fewer than 1 percent of patients treated.at this fa- 
cility are currently considered lost to follow up. The benefits of ra- 
diation therapy, when expressed aS enhanced survival' rate, may 
be obvious. However, information on longer-term effeds of radi: 
ation treatment will be useful in comparing results with other 
techniques in use presently or which may be developed in the 
future. The follow up efforts at the Fermilab project should be a p  
plauded, and should serve as a model that can be duplicated in 
other DOE investigations of medical therapy. 

Bioto&al efficts of h e a v  'ions on nu 
During the early 197Os, human su were phced within neu- 

tron and ion beams at accelerators in Berkeley and Seattle. These 
experiments arose because astronauts had observed visual light- 
streak effects while exposed to cosmic rays in space flight. One ob- 
jective of the experiments was to explore "visual sensations" in 
humans from exposure to ions. Two subjects observed light flashes 
in neutron beams of peak energy of 640 million electron volts 
(MeV); six subjects observed light flashes and dim but definite 
streaks of 25 MeV peak energy; and two subjects obseived light 
flashes and streaks due to helium ions impinging upon human 

, \ '  \ 3'3 

t ,  

CATEGORY 4.006, NUMBER 9s - . . ,  

5 7 us system and vision ': 

retina. 
These experiments were conducted ' by .the Lawrence -Berkeley 

Laboratory and were funded by the Atomic Energy Commission. 
They were reported in Nuclear Science Abstracts in 1972 and 1973. 
The summary factsheet provided by the Department of Energy re- 

Category 5. Other Telethempy 
Projects in this category involved cases where patients whose 

cancer was not responding to conventional treatment were treated 
with various types of radiation from accelerators. As before, the 
Subcpmmittee staff does not question the propriety of these experi- 
ments because they contained a real possibility of benefit for pa- 
tients. ~ 

. 
I 

I 
ports no long term follow up on the human subjects. 

* .  
I 
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Category 6. lhatment of Polycythemia 
This project was a ten-year attempt, beginning in 1939, to tre 

polycythemia vera with radiation. The radiation, therapy seem 
more successful than conventionalmeans of treatment.. 

. Gategoy Z Hemato&gical Effects 
Most of the experiments in this category involved exa+natio. 

of blood changes of patients who were being irradiated for purpos 
of diagnosis or treatment. The Subcommittee staff does not qut 
tion these experiments, since the patients benefited or potential 
benefited from the treatment, and the examination of blot 
changes could provide useful information in designing future trez 
ment. '. . 

Category 8. Neutron Capture Thempy 
Projects in this category involved the use of beams of neutrons. 

treat patients with brain tumors. The Subcommittee staff does nl 
question these experiments, since the radiation treatments we] : 
meant to benefit patients. 

! Category 9. Other Radiation 'Thempy 
Most of these projects involved the exhinat ion of radioactil i 

isotopes for their ability to treat malignant diseases or to assist d 
agnosis by concentrating in-tumor cells. One experiment, howeve 
raised issues of concern and is discussed below. 

, I  

CATEGOBY 9.001. NUMBER 166 

L 

. . .  

L 

. Umniurn injectid into bnzin' tumor patients 3 

tients were injected with\uranium to 
kidney damage began to occur. These 

! 
From 1953 to 1957, approximately 12 terminal brain tumor PI 

at Massachusetts General Hospital, Boston, assistance fror 
the Oak Ridge National Laboratory, and were funded by th 
Atomic Energy Commission. . 

The experiments were conducted to gain data in deriving to!er 
ance doses for workers in uranium processing and fabricatioi 
plants. Inhaled or ingested uranium salts are known to produc I 
kidney damage; these experiments were designed to identify thl 
doses at which kidney damage began to occur. Data were also ok 
tained during these experiments on the excretion and retention o 4 

uranium in the body. All eubjects were terminal brain tumor pa ' 
tients who died yithin 18 months of the experiments. I 

An additional stated reason for conducting the experiment wa  
as an initial evaluation of uraniunj toxicity in developing therap: I 
to treat brain tumor patients with U-235. However, this does not ir j 
fact seem to be an important reason for the experiment, since r ic  
effort was made to actually treat the brain tumor patients wit1 
this isotope. Moreover, neutron capture therapy with U-235 ha 
never been proven as an'effective treatment for brain tumor pa. 
tienls. 

. .  
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Several scientific papers resdted from this experiment. One- 
paper, 3ernard et al., Proc. Health Physics Soc., 33-48, June 1956, 
reported the injection of 11 patients, 10 of whom were in 001119.or 
semicoma One of these patients died in 2.5 days, and one died 18 
days after injection. Doses ran ed from 4 to 50 milli $““ bg? .of  
uranium. A second paper, AJ. E ussenhop et  al., Am. Roentgenol. 
79, 83-100, 1958, reported on the injection of five atients, four of 
whom “were in coma or semicoma and remain e$ BO bntil their 
demise.” Patients were injected with 4 to 15 mg uranium. The 
three atients with the highest doses, 0.12 to O.? m uranium per 
kg d y  weight, showed evidence of kidney toxicity. L on com- 

d o n s  with animal data, the ex rimenters de+mined that a 
rethal dose for humans would have g. een 1 mg uranium 

ports on the injection of eight terminal brain tumor patients, + of 
whom were comatose. Doses ranged fmm 4 to 50 mg tu-amurn. 
There may be some overlap among the patients covered by the 
three scientific papers. This last paper referred to .earlier studies 
(which were the experiments reported in Category 1.003, Number 
1191, and notes that these studies lacked some @formation: “autop 
sy data’were not obtained since none of the subjects were terminal 
patients.” (S.R. Bernard, Ibid., 288) Using terminal subjecta thus 

rovided the “advantage” that the distribution of uranium in the 
gody codd be determined after aubpsy. 

&&gory 10. Biobgi~~Z Effetk of Z-AU 
dATEC0RY 10.001, NUMBER 69 

Another paper, S.R Bernard, Health Physm 1,288-3 

. 

Study of chonges in thyroids i d i u t e d  with rcrdiwctive Wine 
This project, begun in 1951, is a retrospective study of the health 

of humans exposed to 1-131, chiefly for medical reasons. The study 
has been carned out at Case Western Reserve University, and bas 
been funded s uentially by the Atomic Energy Commission, the 
Energy Resea3 and Development Administration, and the De- 
partment of Energy, This is not considered an experiment, but the 
project shows dearly the necessity and hsefulness of long tern 
medical follow up of irradiated populations. 

The significant non-patient population in this study is the group 
of Marshallese Islanders who were exposed to radioactive iodine 
from atomic bomb test fallout. The findings on this population 
were described in TLD-’27160, a June 1976 Progress Re rt to the 

eriod for the onset of clinical effects, and 
commented on the deyy  relation between exposure and thyroid 
nodules: 
The lengthy interval in xnan k clearfy shown in the Marshallt~e where Lo .pita of 

thorough annual physical examinations the first palpable nodule wru not found for 
9 years and neoplasms are still appearing at 22 yean. (p. 4) . 

To date 6 carcinomas b v e  been removed from 10 individuals from several atolk. 
3 fro9 an atoll with extremely low ex pulation which 
seldom if ever develops thyroid ncdulp grrlatjonship to th? m&on which was 
primarily radioiodine h most imprtsslve. (p. 4) 

At the time of the last annual report we described a 21 year old Manhallese who 
we had *us; operated for multiple benign adenomas. He was 6 months in utero when 
his mother was exposed to fallout. The special studies of that thyroid tissue showed 

Research and Development Administration. E e report 
note EneT the long latenc 

ure. Since t h t  is a 
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rnents were funded by the Atomic Energy Commission and can: 
out by Oak Ridge National Laboratory. 

. 22 

the bizarre nuclear forms recognized as evidence of radiation effect. At the til 
preparation of this rtport. we have just operated and removed several benigr 
atypical adenomas from the thyroid of his mother who had developed maues i: 

The factor of long dela in the development of neoplasm k emphasized in 
animals and men . . . . L e  fim Manhallese lesion did riot develop for 9 y 
Mahy of the early lesions came from the amll with the highest fallo.ut ~Rongela 
was quite somk years later that lesions began appearing in people who were or 
next nearest atoll fAlingnaer where the dose had been somewhat less. While le 

aring on the nearer atolls. the low dase received on an atoll much fur 
::&:Erik) seemed fo have produced no lesions. but in the most recent yea 
individuals have been opeated and 3 carcinomes found. These observations see 
em hasize the risk of the low dose range. Ip. 3). 

&ne years after the 1954 thermonuclear born6 accident. the krst. thyroid 
plasm appeared. (p. 6). 

1-t year. fp. 3) 

, 

L 

6 2  

*.. . 

‘L 

..__.. ._....-...- 

. .  

. e. . .  



. -. 
. .  . .  . -. 

ture." Monitoring devices in the pasture determined the radioactiv- 
ity deposited. A herd of cows was then led to the ure to graze 
for several days. The cows were milked and the 3 m o n i t o r e d  for 
radioiodine. Humans were exposed either by drinking the milk or 
by direct exposure to the released iodine gas. The riments col- . 
lectively were called the Controlled Environmen 3 Radioiodine 
Tests (CERT). 

During Experiment CERT-I, conducted in May 1963, one curie of 
radioactive iodine was released into the hot pasture. Six cowa were 
placed on the contaminated pasture. Cows were milked 'twice a day; 
and the milk from. one cow saved for human ingestion. Seven 
human subjects each drank 0.5 liter of radioactive milk over a 

. period of 18 days. Radioactive iodine uptake was determined by 
counting the thyroid of each subject. DO-12035, Controlled Envl- 
mnmental Redioiodine Tests at the National Reactor Testing Sta- 
tion, US. Atomic Energy Commission, June 1964). 

Experiment CERT-2 Was conducted in September 1964. Approxi- 
mately one curie of radioactive iodine was again released over the 
hot pasture. Milk samples were again tested, but were not con- 
sumed by humans. Instead, three human subjects were placed on 
the pasture during iodine relase, and their thyroids counted aRer 
exposure. This was not a food chain experiment, but was designed 
to measure the direct iodine dose from inhalation. 

During Experiment CERT-3, conducted in December 1964, and 
CERT-4 and -5, both conducted in June 1965, no cow8 or humans 
were exposed, and measurements were only made on the pasture. 
Amounts of iodine released were lower than in previous tests. 
CERT-4 released 0.01 curie; CERT-5 0.1 curie; and the amount re- 
leased in CERT-3 was not specified. 00-12047, Controlled Envi- 
ronmental Radioiodine Tests at the National Reactor Testing Sta- 
tion, 1965 Progress Report, U.S. Atomic Energy Commission, Feb- 
ruary 1966) . 

During Experiment CERT-6. conducted in summer 1965. iadioac- 

. 

. 

tive iodLe iti the methyl iodide form was released. Ils the experi- 
ment progress report states: 

Unfortunately, several of the vials. each containing 2 curia of methyl iodidol31, 
were accidentally broken in transit or wen  le&g when received. Those that were 
not broken w e n  subsequently opened in the hot a l l  of the Idaho Ch&rnical Prccus- 
ing Plant (ICPP) and the methyl iodide (2 to 6 curie) aurped b the atmosphere 
from a 7kneter stack. The stack was l ~ r t e d  4 kilometen u wind of the - E d .  Tt 
the Experimental Dairy Farm (EDF). (IDO-12053, Controlle!Environmental d~ot- 
dine Tesrr. Progrou Report Number Two, US. Abmic Energy Commission, August 
1966, p. 2). 

Six cows grazed over the 27 acre'area of the EDF, and iodine con-. 
centration in their milk was determined by counting. In addition, 
"Several individuals were inadvertently exposed to airborne ra- 
dioiodine from the leaking and broken contarnets, and efforts were 
made to obtain data on the retention of this form of iodine in 
humans." mid., p. 2) These exposures from ruptured vials occurred 
over a four-day period, and a few people received multiple expu- 
sures; thyroids of these individuals were counted. 

Experiment CERT-'7 was conducted in November 1965; 1 curie of 
1-131 in the gaseous molecular form was released over the pasture 
at the EDF. Six cows grazed, and milk samples were counted. In 
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addition, seven human volunteers were placedeated on the pa! 
ture area Uptake of radioactive materiai was determined by coun. 
ing the subjects' thyroids. 

?e Department. of Energy repprted to the Subcommittee that n 
mechcal follow up of the experimental'subjects in the CERT test 
wasperformed. . 

Ccl;egoty 11. Other Biological Effects 
CATEWRY 11.001, NUMBER 5 1  

Reactions of human skin to beta mys 
During ApriI and May 1945, two groups of 10 human subject. 

were exposed to plastic disks containing Phosphorus-32, whicl 
emits beta rays. These disks were placed directly on the skin tc 
expose subjects. In one set of experiments, 10 persons were exposec 
to 140 to 250 rep (roentgen equivalent physical); in a second set o 
experiments, 10 subjects received a series of four exposures each i r  
doses varying fmm 635 to 1180 rep. In most instances the forearm 
was the point of exposure, except for three cases in the seconc 
series where the inner mid-thigh was. exposed. These experiment! 
were funded by the Manhattan Project and were carried out ir 
Clinton Laborabry, Oak Ridge, Tennessee. (One roentgen equiva 
lent physical of bew-rays is approximately one rem. For compari- 
son, resent occupational exposure limits are 30 rem per year tc 
the sk, and 75 rem per year to ha+ and forearms.) 

The objective of t h ~ ~  experiment was to determine the 'beta raj 
dose at which skin erythe'ma (reddening of the skin) would first be 
seen. In the fvst set of experiments, 8 of 10 subjects showed a "visi- 
ble reaction" of mild tanning at a dose of 250 rep. In the second set 
of experiments, 6 subjects showed erythema at 635 rep, and 8 
showed erythema at 813.rep. These 
J.E. Wirth and J.R. Raper, Chapter 
nal Beta Radiation, National Nuclear 
22E, McCraw-Hill, 1951. 

jects. 

Studies of radium applied to human skin 
During 1955, experiments camed out on human' subjects demon- 

strated that. the biological effects of Thorium X (Radium-2241, as 
judged.by erythema and skin.pigmentation, can be increased by 
using an electrical current to cause greater penetration of the skin 
by radioactive material. These experiments were Canied out a t  
New York University and were funded by the .Atomic Energy Com- 
mission. 

Three subjects were exposed in these experiments. Durin the ex- 
periment, squares of blotting aper saturated with Rafium-224 
were placed on the forearms o P each subject. An electric current 
was applied for 20 minutes to the paper on the left forearm, and no 
current was applied to the right forearm. For each patient, the left 
forearm showed intense reddening after 48 hours, .and some skin 

. .  

The Department of Energy reported no follow'up on these sub- 

CATEGORY 11.001, NUMBER 53 , 
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pigmentation at 75 days after exposure; the right forearms showed 
no visible reactions at the same times. The Department of Energy 
estimated that  doses to the right forearm were 350 rem, and 1000 
rem to the left forearms. Irradiated tissues w e k  surgically re- 
moved, and rio medical follow'up on subjects was conducted. For 
comparison with the doses, present occupational exposure limits 
are 75 rem per year to the hands and forearms. These experiments 
were reported in AEW-3061, Atomic Energy Commission, a publi- 
cation presented at the Sixteenth Annual Meeting of the Society , 

for Investigative Dermatology, 1955. This publication discusses the 
application of Thorium X to certain skin diseases, but there is no 
indication that any of the subjects received medical benefit from 
the experiment. 

Analysis of illness of children t.eceiviG fetal in&iatwn 

in pregnancy for 1008 mothers who were to bear their first child 
was carried out at Chicago Lying-In Hospital. The objective of the 
exposures was to make delivery and labor more predictable and 
easier by measuring the sizes of pelvis and fetal head. In preceding 
and succeeding years, no such measurements were made and these 
groups serve as a control population. The estimated tissue dose to 
the pelvis for irradiated mothers was 1.5 to 3 rem. .About half of 
these children were also exposed to 5 x-ray fdms during the first 
day of life. The estimated dose'to new-born infants was 0.5 rem. 

The Atomic Energy Commission-subsequently funded. the Ar- 
gonne Cancer Research Hospital to conduct analyses of health of 
the exposed children. Between 1962 and 1965 the parents of these 
children were contacted and asked for information on diseases and 
hospitalization. The firststudy found .an increase in benign hernan- 
giomas, a tumor which produces skin discoloration, but no increase 
in congenital malformations, eye diseases, or malignant tumors. A 
second survey made between 1966 and 1970 confirmed the results 
of the first follow up. The Department of Energy commented in 
1985 that, "It is hoped that further data will be obtained from 
these subjects and if possible from their children." 

Human absorption of tritium oxide thrvugh.skin . 
During 1951, 14 human subjects were exposed over a small area 

(about 10 square centimeters] on the forearm (12 subjects) or abdo- 
men (2 subjects) to a water-vapor atmosphere.labeled with tritium 

. 

. 

CATEGORY 11.001, NUMBER 83 

In 1948, a program of routine pelvis examination by' x-ray early . 

, 

CATEGORY 11.001, NUMBER 112 

. 
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oxide (HTO). A single subject was in addition exposed over his total 
skin area while breathing uncontaminated air. Absog$ion of triti- 
um oxide was estimated by measurments of sritium excreted in 
urine. The data from these experiments indicated that humans ab- 
sorbed tritium at a rate 4 times faster than measured for rats. 
These studies were funded by the Atomic Energy Commission and 
were conducted by the General Electric Company, Richland, Wash- 
ington. 9 
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different experiments. Subjects were exposed to tritium in air fol ! 

over time. Ln a second experiment, the arm of a man was immersed 
up to .the elbow in water containing tritium, and the tritium in 
body fluids was again followed. In a third experiment, a man drank 
tritium in 0.2 liters of water and absorption into the blood stream 
was followed. Amounts of tritium administered were up to 3 milli. 
curies. (For comparison, the maximum permissible body burden for 
occupational exposure is 2 millicuries.) These experiments were 

two hours, and the increase in tritium in body fluids was followed 
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funded by the Atomic Energy Commission and carried out at La 
Alamos Scientific Laboratory. 

The objective of the experiment was to obtain information on the 
human absorption and excretion of tritium, to aid in the setting of 
occupational exposure limits. The exact number of subjects expoged 
in not clear, but it appears that one subject immersed an arm in 
tritiated water, one subject drank tritiated water, and seven sub 
jects were exposed to air containing tritium. These experiments 
were summanzed in AECU-937, The Absorption, Distribution, and . 
Excretion of Tritium in Men and Animals, US. Atomic .Energy 
Commission, November 1950. The Department of Energy reported 
no medical follow up of subjects. 

, 
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CATEGORY 11.001, NUWER 125 

Humin absorption of tritium liquid and vapor 
During 1952, the lower arms of subjects were exposed for vari- 

able lengths of time to tritiated water vapor and tritium in liquid 
water. Tritium activity in subjects' urine was monitbred. The De- 
partment of Energy provided no further details on this experiment, 
and reported no follow up of subjects. 

Human absorption of tritium 
During 1952, three subjects were erposed'in five experhents  to 

tritiated water vapor. Subjects breathed tritium-saturated oxygen 
for 4 to 5 minutes. The tritium retained in the body during the ex- 
posure was obtained by cgmparing the tritium inhaled *& the 
tritium exhaled Retention and excretion of tritium with time we= 
monitored through blood and urine sampjes. This experiment was 
funded b the Atomic Energy COmmission and carried out at Loa 

Subjects inhaled from 0.8 to 1.0 millicuries of tritium. This can 
be compared with the maximum permissible body burden of 2 mil- 
licuries. 

The objective of the ex eriment was to obtain information on ab .  
sorption and retention o P tritium to'aid in.establish.ing occupation- 
d exposure standards. The experiment is reported in LA-1465, 
Lung Absorption of HTO by Man Upon Ins iration of HTO Water 
Vapor, Los Alamos Scientific Laboratory, &ne 1952. The Depart- 
ment of Energy reported no medical follow up of the subjects. 

Human tzbs6rption of ingesied 'tritium water 
During 1952, five ex eriments were conducted on three subjects 

in which the subjects &ink water containing tritium. Retention of 
tritium in the bod was examined by taking bloo(! and urine mn- , 

ples over time andlcounting. The experiments were funded by the 
Atomic Energy Commission and were camed out at h s  Alamos 

The objective of the ex riments -was ob& data that would 
assist in evaluating the r. azard of ingested tritium. Two subjects 

CATEGORY 11.001, NUMBER 126 

. .  Alamos B cientific Laboratory. 

CATEGORY 11.001, NUMBER 127 
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each drank 1.6' millicuries of tritium; the third subject drank 6. 
millicuries in three separate experiments. For comparison, the oc 
cupational body burden is 2 millicuries. The experiments are re 
ported in LA-1464, The Absorption of Ingested Tritium Water ant 
the Water Dilution Volume of Man,'Los Alamos Scientific Labor2 
tory, *June 1952. The Department of Energy reported no follow u: 
on the subjects. * 
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CATEGORY 11.001, NUMBER 133 

Radiation exposure of aircrews in mushroom clouds 
The U.S. Air'Force sent manned planes through radiation cloud 

("mushrooms and stems") from atomic bomb tests to measure radj 
ation doses in the clouds and to the crews. The detonations wer. 
part of Operation Redwing, a series of 17 nuclear tests in the multi 
megaton range, at Eniwetok and Bikini Atolls in the Pacific, fron 
MayJuly 1956. The planes, five different B-57Bs, made 27 passe 
through clouds from six different nuclear explosions, at times fron 
20 to 78 minutes after detonation. 16 passes were earlier than 4. 
minutes and 7 were earlier than 30 minutes after detonation. 

Maximum radiation doses in the cloud were 800 roentgens pe 
hour. Total radiation doses to crew members were as high as 1. 
roentgens by film badge. (For comparison, the present maximun 
annual dose for workers is about 5 roentgen;.one chest x-ray repre 
sents 0.02 to 0.04 roentgen.) 

The objective of the project was to obtain radiation dose informa 
tion, in the event .that an "operational situation" required flight 
through such clouds. The information was to assist Air-Force com 
mands in planning to insure the "most9ffective utilization, consist 
ent with crew safety, of aircraft in cloud areas." 

mentions manned 

' 

' 

1320, Prelimina Report, Operation Redwing: Early Cloud Pene 

On November 13, 1985, the Subcommittee chairman released thi: 
document to make it available for a hearing before the Sepate Vet 
erans Affairs Committee the following day on compensation fol 
veterans exposed to atomic tests. The document was described ir 
subsequent press accounts. 

The Department of Energy re orted no medical follow u on thc 

the Subcommittee and the Defense Department provided more in 
formation. The Defense Nuclear Agency (DNA) reported that sever 
of the Redwing crew members received doses greater than five rerr 
by film badge, and were notified by the Nuclear Test Personpe 
Reviqw (NTPR), a program to identify veterans exposed during 
atomic testing. Under this program, persons with exposures 
than five rem r year are notified and encouraged to un .efgo E 

trations, Armed Y orces Special Weapons Project, May-July 1956. 

exposed aircrews.. However, su ! sequent correspondence ! etweer 

IFeater 

special physica p" examination at the nearest Veterans Adminrstra 
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tion hospital. None of these seven have reported medical problems 
attributable to radiation exposure. 

In addition, the Redwing aircraft were contaminated with radio- 
active material as a result of flying through the clouds. The planes 
were subsequently decontaminated by ground rsonnel. The DNA 

all aircrew members, and all these personnel are recorded as part 
of the NTPR. The DNA maintains a toll free number which veter- 
ans who believe they were exposed to atomic tests can call to 
report their circumstances. (Letter from Lieutenant General John 
L. Pickitt, Director, Defense Nuclear Agegcy, to the Subcommittee 
Chairman, December 11,1985.) 

In December 1985, Chairman Markey joined with Senator Cran- 
ston to request a General Accounting Office investigation on 
atomic cloud fly-through o rations. GAO was asked to determine 
how many air crew memErs and how many ground presonnel 
were exposed durin .Redwing and other such operations, what 
doses these personnef received, and what follow up the Defense De- 
partment has conducted on all personnel. 

CATEGORY 11.001, NUlKBER 134 

Radioactive materia2 placed on human skin ‘: 
In 1953, Foster D. Snell, a consulting firm, plac‘ed synthetic ra- 

dioactive soil on the palms of over one hundred human subjects, 
and examined the ability of different cleaning agents to remove the 
radioactive material. The objective of this experiment was to deter- 
mine the efficiency of various cleaning en& in removing radioac- 
tive contaminants from “human skin an 7 hair.” 

These experiments were dorm& for the Chemical ‘and &die 
logical Laboratories of the ge epartment of the Army, and were re 

orted in a U.S. Atomic Energy Commission. technical publication, 
Iiemovd of Radioactive Contaminants from H W ~  skin, ~ - 4 9 3 5 ,  
June 15, 1953. It appears that a t  least part of the reason for con- 
ducting the experiments was to provide inforination that could be 
used on a battlefield during a nuclear exchan e, since there is a 
reference to decontamination “from t ~ e  point o f view of the soldier 
in the field.” (NP-4935, pp. 165,166) 

For the experiments, a drop of a liquid mixture of radioactive 
material was deposited on the palms or arms of human subjects, 
allowed to dry, and counted with a Geiger counter. The contamina- 
tion was then washed off with various cleaning agents, and the 
skin counted again to determine efficiency of removal. Initial ex- 
periments were conducted on metallic surfaces‘, then on rabbits and 

igs. Preliminary work was also done on .  hair removed from 
lumans, and then on 16 human s u b j m ;  Most of this work was 
done with a suspension of “synthetic d,” a mixture composed 
chiefly of soil, sand, and, clay, mixed with fmion products. Some ex- 
periments were performed with synthetic soil which had been irra- 
diated in a nuclear reactor, synthetic soil mixed with Carbon-14, or 
a sample of soil from the Nevada test site. These other mixtures 
did not adhere well to skin, and ,were not us+ in later experi- 
ments. In these first human expenments, solukons registering up 
to 2,900 counts per minute were placed on subjects’ forearms or 

retains the exposure records of these personne p” , as well as those of 
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palms. These eAperimenta showed that it was most difficult to warh 
rndiwctivity from palms. and most subsequent experiments placed . 
the radioactive material on palms on1 . 

Subsequent experiments were con d y  ucted on about 102. diffennt 
human subjecta, placing larger. amounts of radioactivity, ty@cally 
10,oOc) to 20,oOC) counte'per minute, on subjects' Imr. A vanety ctf 
detergents and hand creams were examined p" or theiy ability to 
remove the rndioactive contamination. One.set of expenmentr wm 
conducted with "radiological warfare agents." co'mposed of s d l  
pellets of zinc bromide which contained radioactive Tantalum. 
Dropleb containing 13,oM) to 49,OOO counts per minute of these 
agents were placed on the palmu of six human rubjects. 

One set of experimentcl wm conducted with employees a t  the 
Monsanto Chemical Company's Mound Laboratory, Miamtburg, 
Ohio. A mixture of contaminants containin alpha emitters, and 
not further identified, WMS placed on the fm of four employear 

teated on the hands of three other employees " w h w  handr were 
~ n t a m i n a t e d  in the normal course of work." (NPd935, 

ment of Energy 
mente were 
tained. Sub'ects were male 

any of these subjecta. 

* .  

. 

and detergente tested for removal. In a 8". dilion, detergents wen 

Except for the 

*.to 66. The fkpartment of Energy reported 

CATEGORY 11.001, NUMBER 189 * .. 
dUetiic.al fiiIlo~i* up studies . 

In'ite f ac t s tk t  on this project, the Department of Energy de=. 
scribed follow up studiefl to 8d~esd the long ranga health of w e d  ' *R . ' ' 
different populations which have been expoeed to radiation. Thw : . 
studies have been funded by the Atomic Energy Commission, the . 
Energy Resenrch and Development Administration, and the D6. 

continue a t  prment. The studies are being camed out a t  the Arc 
gonne Cancer Research Hoepita1 (ACHR), Argonne National hbo= 
rato . The studiea a m  described belm 

1. ?or 20 years, a joint study of more than 400 pcrsbxu beax& I ' * 

considerable body burden of radium har been under way, Mort uf 
these persona were painten of the radium dialr on lumlnoua 
watches a t  various plants in the Illinois River valley &on during : 
1920-1930; o t h e n  received radium chloride by iqjection or orally u 
a medical treatment between 1920 and 1935; Persona with a consick 
ernble body burden of radium were found to have characteristic da 
fects, destructive changed, and tumon in the rkeleton. These d u d -  
iea include accurate -timatea of the body content of radium 
usin a total body counter; through analysia of the expired brdat % 

.subjects bodies; and through rtudies of the Id to reveal if d e ,  
rtruciive or malignant changer have taken placq. . , 
loo0 children who were e x p o d  before birth to x-rays during pelvic 

partment of Energy. Some of them started in the 19&, and they -, f 
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g for t a e ran radon, a radium decay product; b N m  expoeum from 

~ 2 ;  A long term follow up rtudy'ir under way.to examine about - ' 
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. txa'minations of their mothen. This study. which extended over ii 
* about 25 ears. is described a* Category 11.001, N u m k  83. 

radiation therapy for stomach ulcers. This study waa funded by the 
Department of Energy. and Eevealed "aome positive findings," 
which are not further specified. The study u now to be resumed. 
under support from the Netionel Institutes of Health. 

4. During the 19;ios. persons who received short t+eatmenta with 
low-voltage x-rays for benign conditions of the head, neck, and 
upper thorax during childhood were studied for poseible develop 
ment of carcinoma of the thyroid. All of the children with cancer of 
the thyroid who had been treated or been by the investigator had 
been irradiated previously in such a way that the thyroid gland or 
portions of it had been included in the radiation field. 

3. A fo i+ low up study is under way on patients who had received 

. 

74 
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'CATEGORY ii.001, NUMBER iak, PART A 
. * 

q Human ingestion of fatlout 
Concern about problems from the ingestion offallout led to stud- 

ies wing real fallout from the Nevada Test Site; rimulated falIout . 
particlea that contained Strontium-85, Barium-133, or Cesium4S.a; 
and solutions of Sr-85 and Ca-134. During 1961 to 1963, real and 
simulated fallout and mlutions of strontium and ceaium were fed 
to 102 human subjects. Absorption and retention of the ingested ra- . 

.'dioactivity was measured by counting the M i -  of subjects. Thw 
experimente were funded by the Atomlc'Energy Commission and  
were carried out by the University of Chicago and the Argonnt Nn- 
tional Laboratory. Subjects were university students or members of 
the researched staffs. 

Several different fallout or simulated fallout materials were p m  
p a d ;  One set of experiments used microampic spheres of rkdioac-. fl 
tive strontium, cesium, or barium. A total of 27 volunteen ingested . ': 
the spheres. Traneit time of the spheres through the gastrointesti- 
nal tract was measured by counting excreted matter. A second set 
of experimentcr wed real fallout, obtained from the Nevada Teat 
Site following land detonation of the nuclear test Small Boy, on 
July 14, 1962. Fallout aarnples were placed in gelatin ca ulea and 

tention of activity waa followed by countin subjecb' &iea. 

dietinguis ed b the size of microscopic rpherea used, whlch rimu- 

onation. 21 sub'ects were fed rimulakd local fallout, and 22 r h u -  
lated distant t allout. Finally, 22 rubjectr wem fed aolutfonr of 
rtmntium or'cesium. The amounts of radioactive material fed to 
subjects in all ex riments ranged from 0.4 to 2.5 microcuries of 

can be compared with the maximum permissible occupational body 
burdenr of 60 rnicrocuriea for Strontium-85, and 30 microcurjw for 
hiurn-134. 

up on theac subjectcl. Thezeexperimenta were reported in a scient& 
k paper, G.V. IceRoy et al., Health Physics 12,449-475, 1966. 

. . 
were fed to 10 subjects. In these and rubsequent ex fp" menta, re-* - 

l a w  the size o r fallout particles cloee to or far from the rib of deb 

Strontium=85, or r .5 to 14 microcurier of Cesium-134. Theae valuar 

' h o  tqeu  of simulated fallout were a P 110 prepared. They worn 
' 

* 

The Department of Energy report+d.no long teim medical follow ' * . 
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. CATEGORY 11.001, NUMBER 186, PART B 
Lanthanum-140 administered to humans 

The paper cited in Number 186, Part A, G.V:LeRoy et al., re- 
ported a n  earlier study in which 54 hospital patients were fed ra- 
dioactive Lanthanum-140, and the passage of material through the 
gastrointestinal tract was measured by counting excreted matter. 
It appears that the Department of Energy did not report tu the 
Subcommittee on this experiment, but it was published in R.L. 
Hayes et al., Hedth Physics 9, 915-920, 1963, and the' Subcommit- 
tee obtained a copy of the original reference from the Library of 
Congress, Congressional Research Semce. This experiment was 
carried out at the Oak Ridge Institute of Nuclear Studies, and was 
funded by the Atomic Energy Commission. 

The objective of this experiment was to measuie the movement 
of radioactive material through the human body, and estimate the 
dose to the lower large intestine from materials that the body does 
not absorb. The experimenters noted that movement through the 
body varied with individuals, and these experiments attempted to 
measure the extent of such variation. 

Subjects were fed 10 or 20 microcuries of Lanthanum-140. (For 
comparison, the maximum permissible body burden for occu ation- 

the body was examined by 'collecting fecal samples and counting. 
Subjects were patients from the clinical pro am at the Oak Ridge 

because they had normal intestinal tracts, which were not affected 
by. their diseases. Subjects thus received no medical benefit from 
the experiment. To measure vaiiability iii.individuals, 8 subjects 
were fed lanthanum twice, and one was fed three times. 

Cutegoty 12 Metabolic and Physiological Studies 

. 

8 

al exposure is 10 microcuries.) Movement of this substance t K rough 

Institute, and ranged in age from 7 to 76. AI r subjects were selected 

fl CATEGORY 12.001, NUMBER 15 

. St'tium ami rekium injectea in ienniml cami;btients :- 
The material which'the Department of Ener submitted to the 

Subcommittee on this project included ANG 104, a 1959 report 
from the Argonne Natlonal Laboratory. This report summarized 
data on the retention by humans of calcium, strontium, and 
radium. One of the references cited was Schulert et al., Int. J. A p  

lied Radiation and Jsotopes 4, 144-153, 1959. The Department of 
Energy did not supply this reference, but the Subcommittee o b  
tained a co y of the original through the Library of Congress, Con- 
gressional &search Semce. ' 

In these particular experiments, radioactive Calcium-45 or Stron- 
tium-85 were injected into twelve terminal cancer patients, and the 
distribution of each substance in tissue and bone was determined 
at autopsy. These experiments were carried out at Columbia Uni- 
versity q d  the Montefiore Hospital, Bronx, New York. 

The objective of these expenments was to measure the absorp- 
tion by different parts of the body of strontium, a roduct of nucle- 

help evaluate the hazards of strontium to humans, the experiment- 
. ar fLssion and a component of nuclear weapons f a r  lout. In order to 
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ers desired to determine the retention by different tissues of stron- 
tium compared to calcium: strontium mimics calcium chemically 
and concentrates in bone. As the xientifit paper explained, sub- 
jects were chosen so they could be autopsied fairly Boon after iojec- 
tion: “Since autopsy analyses were employed, the patients were, of 
necessity, of limited life expectancy with cancer involvement, .and 
cannot be considered as normal healthy adults.” (Schulert et al., 
145) 

Ten patients were injected with about 1.5 microcurie per k i b  
gram body weight of Strontium-85, and about 0.4 microcurie per 
kilogram of Calcium-45. Total doses would have been 64 to 114 mi- 
crocuries of strontium, and 17 to 30 microcuries of calcium. For 
comparison, the occupational maximum permissible body burdens 
are 60 microcuries for Strontium-85, and 200 microcuries for Calci- 
um-45. n e s e  patients lived from 3 hours to 124 days. An additional 
terminal patient injected with strontium only survived for 251 
days, and one patient injected with calcium only survived for 960 
days. Patients ranged in age from 49 to 72. 

CATEGORY 12.001, NUMBER 109 

. 

’ Technetium administered to humans , . 
During 1965, Teihnetium-95 ‘(metastable) and -96 were adminis- 

tered to 8 subjects. Retention and absorption of technetium were 
monitored by counting the bodies of subjeds and b counting e x m  

Washington, counting was camed out by the Pacific Northwest 
Laboratory, Richland, Washington. The Atomic Energy Commis- 
sion funded the work of the Pacific Noithwest Laboratory. 

Technetium is a product of nuclear f i i o n  and is present in 
rather hi h concentrations in wastes from n u c l y  reactors. At the - 
nuclear wastes at the federal facility near Richland, Washington. 
In addition, technetium was also used for medical diagnoses. The 
objective of these experiments was to obtain information on the re- 
tention of technetium in the body, to help assign occupational expe 
sure limits. 

Four subjects were injected, and four subjects were fed techneti- 
um. Each subject received 20 microcuries of Tc-95m and 60 mkre 
curies of Tc-96. (For comparison, the occupational maximum per- 
missible body burdens are 70 microcuries for Tc-95m and 10 micro- 
curies for Tc-96.) Samples of sweat, plasma, tears, urine and feces ; 
were collected, and observations were made for up to 60 days on 
some subjects. 

These experiments were report& in a scientific pa er, T.M. Beas- 

Energy reported there was no long term follow up of these s u b j m .  

tions. Doses were administered to Bubjects at t x e University of . 

time of t fl ese experiments, technetium was being separated from 
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. ley et al., Health Physics 12, 1425-1435, 1966. The b epartment of 

CATEGORY 12.001, NUMBER 110 ‘ -. . - 7% Promdhium administemd lo humans t* * .  * - - . *  

In 1967,xPromethium-143 was administered to ‘14 subjects. Ab - 
sorption and retention were followed by counting the.bodifs of sub- 
jects, and by measuring the activitx tn blood and excretlon sam- .._ . 
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ples. 6 subjects were injected with promethium a n d  observed for re- 
tention. 2 subjects drank orange juice with promethium in solution. 
6 sub'ects were injected with promethium and then injected .with 

the ability of M'PA to remove promethium from the M y  was ex- 
amine~?. These experiments were funded by the Atomic Energy 
Commission and were carried out by the, Hanford Environmental 
Health Foundation and the Battelle Memorial Institute, both at  
Richland, Washington. 

The experiments were conducted to determine the uptake, reten- 
tion, distribution, and excretion of promethium in humans. The in- 
formation obtained would help to develop an excretion model for 
diagnosis of promethium in humans, to form a basis for radiation 
exposure, and to determine the dose from accidental exposures. 
These considerations were relevant to occupational exposure of per- 
sons handling promethium. 
Injected subjects received 0.1 microcuries of promethium. Two 

the c x elating agent diethylenetriaminepentaacetate (DTpA), and 

subjkts drank' 10 microcuries of promethium. A-dminbtered prep  
arations were mostly PN-143, but some Pm-144 was also present. 
Little promethium was retained by the two subjects who drank it. 
However, about half of the in'ected promethium deposited in the 

deposited in the bone within the next 5 hours. Subjects were fol- 
lowed for one year, during which this distribution remained un- 
changed. The effectiveness of DTPA in enhancing excretion of pro- 
methium declined with time: When DTPA was injected 30 minutes 
aRer promethium, it'removed 90 percent of the radioactive materi- 
al: after 24 houzs, it removed only 25 percent; and after 80 days, it 

liver within a few minutes, an d most of the remaining promethium 

removed only 5 percent. 
These experiments were re rted in a scientific paper, H.E. 

Palmer, I.C. Nelson, Health P R" ysics 18, 53-61, 1970..The Depart- .-. 
ment of EnerPv,reDorted that no follow UD was conducted beyond 
the one year &se&ation after the experiment. 

PhosphonSJ2 injected into humans 
During 1963,' five subjects were ihjected with Phosphorus-32. 

Three of the subjects were atients at the Univefiity of Oregon 
Medical School who receivefthe P.32 as part of the therapy for 

. blood diseases. The other two subjects were injected at the Swedish 
ses only of calibrating equipment. 

These.experiments were P"Y un ed by the Atomic Energy Gmmission 
Hospital in Seattle for 

and camed out by the Battelle Memorial Institute, Richland, Washington. . .  
The reasons for carrying out'these experiments were.described in 

a scientific paper: 
Fmh and waterfowl that feed in the Columbia River downrtrearn from the Han- 

ford reactors a uire some radionuclides that enter the river with the emuent water 
(11. 32-P a n d . 6 a n  are the principal nuclides found, and rucken and whitefuh mu- 
ally contain the greatat concentration of these nuclides. Since sportsmen obtain 
and eat the waterfowl and fish from the Columbia River below Hanford, a mefhod 
of measunng the low level body burden of these nuclides in humans b needed. Since 
6SZn is a gamma emitter. body burdens down to 1 nc nanocurie) can easi1 be 
measured in a wholebody counkr. Foster 12) has d e s c r i d  an experiment rn wijch 

CATEGORY 12.001, NUMBER 111. .R 
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a subject ate a weekly meal of whitefuh and the accumulation of the 6 jZn  in the 
body was studied. 32-P does not emit a gamma ray and it k much mom dXicult to 
measure. This paper d d b e  a method by which body burdens of 32-P down to 40 
nc can be m e a s u d .  (H.E. Palmer. Health Physia 12 605-608. 1966. Rcfemncu 1 
and 2 are ublications designated HW-80991.1964: and HW-SA-3060,1963. These 
rre pmbab& Atomic Energy Commision documents.) 

One subject was &jeCtea with 425 nc of P32. A second subject 
was in'ected with 500 nc, then reinjected after 28 days with 425 nc 
more. Ljection doses for the other subjects were not reported. This 
same scientific aper reported another experiment where humans ' 

One reason for developing a sensitive. in vivo counter for 32-P was 'to measure 
people who eat Columbia River frsh The significance of this intake with relation to 
the maximum permissible body burden has been discused in another publication. 
(1) Five subjects ate 35 Ib each of whitefih which had been caught in the Columbia 
River. After allowin 1 day for absorption of the 32-P. the subjects wen mearuml 
for 20 miri with the fradiation] coun?r.and showed body burdens gf 70, 110,89.73 
and 93 nc . . . . The maximum perrnlssible body burden for occupational exposure u 
6000 ne.: tlbid., 607. Reference 1 is HW-80991.) 

r e p o d  that no follow up was con- 

' .  

ate radioactive P sh: 

The Department of Ene 
ducted on these experimen%subjects.. 

CATEGORY 12.001, NUMB" 128 

Humans inhaled. tritium 
During 1950, six subjects each inhaled "5 few" millicuries of triti- 

um. (For comparison, the maximum nnrssible occupational body 

was monitored Eor the following 15 days. These experiments were 
funded by the Atomic Energy Commission and were carried out at 
the Los Alamos Scientific Laboratory, New Mexico. 

The objective of this experiment was to investigate the rate'of 
appearance of tritium in urine, This knowledge would help in the 
establishment of occupational exposure limits. No follow up on 
these subjects was reported. 

burden for tritium is 2 millicuries.) E tih concentration in urine 
* 

I 

/ *  
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CATEGORY 12.003, NUMBER 174 . ,  

Radioactive material adminktemd to humans to calibmte quip. 
. -merit' 

Between 1965 and 1972, 8 individuals were involved in 13 differ- 
ent human experiments. All eight were employees of the Idaho Di- 
vision of the Atomic Energy Cornmisslon. In four experiments, aub- 
jects inhaled Argon-41; in +e experiments,,subjects swallowed 
capsules containing microcune amounts of radroactivit . These ex- 
periments were funded and carried out by the Atomic H nergy Corn-. 
mission. 

The objective of this expeiiment was to calibrate instruments 
that measure radjoactive substances inside the human body; such 
instruments are usually used to eFapline w?rkeT.accidentally ex- 
posed or. hospital patients tecenmg. radloactwe material for 
diagnostic purposes.' A secondary objective of the experiments was 
to e x p i n e  the metabolism of radionuclides ingested or inhaled by 
humans. 

Some of these experiments were reported in scientific papers. In 
the first set of experiments, one subject was fed one microcurie of 
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CVRREXT FEDERAL R c G U U n o N S  ON ??iE PROTECI~ON.OP HUNAN Suar&crs 
Current regulations on the w of human subjects for experiments are described 

in Title 45. Code of Federal Regulations. Part 46 145 CFR 46). revised aa of October 
1. 1985. These regulations call for special requirements when prisonen, children. or 
other specified categories of persons are used cis nubjetu. 

\ 

GENERAL PROVISIONS 

Experiments on human subjects mwt satisfy the following criteria. 
11) Risks to subjects should be minimized. 
(2) R i s k  to subjects should be reasonable in relation to anticipated benefits, and 

the importance of the knowledge that may reasonably be expected to result  
(31 Subjects should be selected in an  equitable manner. 
'41 Informed consent shall be sought from each prospective subject or the subject's 

Iep!ly authorized representative. Informed consent includes a clear descriptioq 'of 
the risks and benefits of the experimedtal procedure. (45 CFR 46.1111 

PRISONZUS 

Biomedicd or behavioral mearch  may involve prisoners M subject3 only if the 
purpose of the proposed research is to: 

11) study the possible causes. effects, and processes of incarceration or of driminal 
behavior; 

(21 study prisons as institutional s t ruc tum or prisoners as incarcerated 
13) conduct research on conditions particularly affecting prisonen as a CK~: 

example. vaccine trials or other research on hepatitis, which is more prevalent 
among prisoners than the general populationd . 

141 examine practice; both accepted and experimental. which have the intent and 
reasonable probability of improving the health or well-being of the subject. (45 FR 
46.306) 

. 

. ' . 

CHILDREN 

A child is an  individual who has not attained the legal age for consent to treat- 
ments or pmcedures involved in the mearch. under the applicable lawn of the  l o a -  
tion where the research is to be conducted (45 FR 46.402) 

A child may be used as a subject only upon receipt of permission fmm parents 
and assent from the child. under conditions where the child is judged capable of pro- 
viding assent (45 FR 46.4081. If permission and assent are obtained, m a r c h  can & 
conducted only if one of the following conditions is met: 

121 The research presents more than minimal riik, but the procedu; holds out 
the prospect of direct benefit for the individual subject or is likely to contribute to 
the  subject's well-being (45 FR 46.405). 

(31 The research presents more than minfmal risk. does not hold out the pmspect 
of direct benefit to the subject. but the pmcedure L Likely to yield generalizable 
knoTledgc about the subject's disorder or condition which is of Vital imponance for 
understanding the disorder or condition (45 FR 46.406). 

1.11 The research presents a reasonable opportunity to lunher  the undemanding. 
prevention. or alleviation of a serious problem dec t ing  the health or welfare of 

(1) The research poses no greater than minimal risk l45 FR 46.404). ' 
. I  

* 

. 

4 children (45 FR 46.407). 
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Where wrne or all of the human subjects are likeIy to be vulnerable to coercion or 
undue influence. such as persons with m i t e  or -%re physical or mental illness. or 
permm who are economically or educationally disadvantaged. appmpMte addition 
d raf& mud be included &I the attudy to protect the rights and welfare of 
these subjects. (45 F'R 46.111) 

It ahould be noted that under these rrgulitior~r. +e e'xperiments prehously d e  
*s wi th  prisoners, and which used minors IU sub]eds, would have been strictly 
prhbtted. In addition. many other experimentr ubcd patienta mtb seven illnesses . 
or rho mrr disadv~ntaged, and there ir no indication that rateguardr were hcop : 
mtd into the experiments to prokt these subjects. 
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